The addition of (trimethylsily1)propargylmagnesium bromide (9) to aldehydes afforded predominantly the allenylic alcohols rac-10. The regioselectivity of this addition changes dramatically when organocerium reagents were used for the addition. In this case nearly exclusive formation of the homopropargylic alcohols rac-8 was observed. Highest selectivity for this process was obtained when cerium(II1) isopropoxide (13) was used as a precursor for the formation of the organocerium reagent.
The elements of the rare earth series having f orbitals exhibit unique electronic and stereochemical properties. Therefore, they provide intriguing potential as organometallic reagents and catalystsI21. Presently, one of the most important applications of lanthanide reagents in synthetic organic chemistry is the addition of organocerium reagents to carbonyl compounds. Imamoto and co-workers were the first to recognize that the attenuated basicity and high oxophilicity of organocerium reagents could be utilized for selective synthetic organic transformation~[~l. 
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As a consequence of our continuing interest in the asymmetric synthesis of 7a-steroids, we undertook the synthesis of protected 1-(trimethylsilyl)octa-1,7-diyn-4-ols (ruc-4). According to our retrosynthetic analysis these diynes should serve as precursors of the A ring of the steroid nucleus. The alkylation of these diynes with electrophiles such as the halides 5 should yield the corresponding enediynes 3, which upon intramolecular cobalt-mediated [2 + 2 + 21-cycloadditior1[~1 should afford the desired 7a-steroids 2 diastereoselectively. Our initial efforts towards the synthesis of the diynes ruc-4 concentrated on the monosilylation of 4-hydroxy-1 ,~-octadiyne (ruc-7). This diyne was obtained by addition of propargylmagnesium bromide to 4-pentynal (6c). Deprotonation with one equivalent of sodium hydride and 1.1 equivalents of n-butyllithium afforded after subsequent silylation with trimethylsilyl chloride (2.2 equivalents) and aqueous workup a 1 : 1 mixture of ruc-8c and its regioisomeric monotrimethylsilyloctadiyne derivative (21%) together with the corresponding bissilylated derivative (24%) and starting material ruc-7 (28%). The low yield and the lack of selectivity of this reaction prompted us to investigate the course of the addition of (trimethylsily1)propargylmag-nesium bromide (9) to aldehydes, so that the trimethylsilyl group at C-1 would be introduced prior to the addition step. Thus, (trimethylsily1)propargylmagnesium bromide (9) was prepared from (trimethylsily1)propargyl bromide and magnesium in the presence of mercury(1) chloride and allowed to react with 4-pentynal (6c). After aqueous workup a 6:94 mixture of the desired monotrimethylsilyloctadiyne ruc-8c and its corresponding allenylic derivative ruc-lOc was obtained in an overall yield of 87%. Similarly, benzaldehyde (6a), acrolein (6b) and 5-hexynal (6d) react with (trimethylsily1)propargylmagnesium bromide (9) to afford predominantly the allenylic alcohols ruc-lOa, b and d in 72 to 86% yield.
H+/H20
Previously, the regioselective addition of organozinc reagents derived from (trimethylsily1)propargyl bromide to aldehydes and ketones has been reported to afford predominantly homopropargylic Consequently, (trimethylsily1)propargylmagnesium bromide (9) was transmetalated with 1.2 equivalents of zinc chloride to form the corresponding organozinc reagent. Upon treatment of this species with benzaldehyde (6a) a 78:22 mixture of ruc-8a and ruc-l0a was obtained in 91% yield. This result is in full agreement with those reported by Paquette et al. They isolated ruc-8a in 66% yield after addition of a Reformatsky type reagent derived from (trimethylsily1)propargyl bromide and granular zinc to benzaldehyde (6a)[5bl. By using 2.4 equivalents of zinc chloride for the transmetalation of 9 the selectivity increased to 90: 10 but the overall yield dropped down to 54%.
At this point, we decided to evaluate the utility of organocerium species derived from (trimethylsily1)propargylmagnesium bromide (9). We assumed, that changing the character of the carbanionic species might result in the desired regiospecifity of the addition stepL6]. In our first studies, anhydrous cerium(II1) chloride was allowed to react with (trimethylsily1)propargylmagnesium bromide (9) to form an organocerium species of a hitherto unknown structure. This species furnished upon treatment with aldehydes 6 predominantly the homopropargylic alcohols ruc-8 in 85 to 92% yield. As byproducts the allenylic alcohols ruc-10 were isolated in 5 to 11% yield, which could be easily removed by silica gel chromatography from the main products ruc-8. Encouraged by these results a number of organocerium species were prepared and allowed to react with aldehydes. Cerium(II1) isopropoxide (13)"l was found to be the reagent of choice and was prepared by an improved procedure according to the protocol given for the preparation of the analogous gadolinium(II1) isopropoxide[81. CeC13 . 7 H20 (11) was dehydrated with thionyl chloride to give anhydrous CeC13, which was then dissolved in hot 2-propano1 to afford CeCl, . 3 i-PrOH (12) in 96% yield as colorless crystals. An X-ray crystallographical analysis showed that this compound crystallizes as a dimer, in which the two cerium atoms are bridged via two chlorine
The deprotonation of CeC1, . 3 i-PrOH (12) was achieved with potassium isopropoxide in a refluxing mixture of benzene and 2-propanol to afford cerium(II1) isopropoxide (13) as a pale brown air-sensitive solid in 50% yield. Instead of potassium isopropoxide sodium isopropoxide can be used for the deprotonation of 12, but potassium isopropoxide proved to be superior, as the "in situ" formed potassium chloride is completely insoluble in 2-propanol. Furthermore, due to the larger size of its crystals, potassium chloride can be removed much easier than sodium chloride by filtration ['0] . Addition of the cerium reagent derived from (trimethylsily1)propargylmagnesium bromide (9) and cerium(II1) isopropoxide (13) to benzaldehyde (6a) furnished a 96:4 mixture of the homopropargylic alcohol ruc-8a and the allenylic alcohol rac-lOa almost quantitatively.
In order to avoid the isolation of the air-and moisturesensitive cerium(II1) isopropoxide (13) the "in situ" formation of this species was investigated. Therefore, CeC13 . 3 i-PrOH (12) was deprotonated with 3.1 equivalents of nbutylmagnesium bromide in diethyl ether to afford cerium(II1) isopropoxide (13) which was allowed to react with (trimethylsily1)propargylmagnesium bromide (9). Subsequent addition of benzaldehyde (6a) afforded a 85 : 15 mixture of the alcohols ruc-8a and ruc-l0a in 41% yield.
The low yield might be a consequence of incomplete deprotonation of 12.
It was demonstrated that a remarkable shift in the regioselectivity of the addition of (trimethylsily1)propargylmagnesium bromide to aldehydes occurs when organometallic species derived from cerium(II1) compounds were used. Cerium(II1) isopropoxide proved to be the reagent of choice in these addition reactions and superior to the use of organozinc reagents.
The evaluation of cerium(II1) isopropoxide (13) and its chiral modifications in C-C bond forming reactions is under current investigation.
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Experimental
Infrared ( CeC13 . 7 H 2 0 (11) was purchased from Fluka Chemie AG, CH-9470 Buchs, and dried at 150°C for 2 h prior to use. Cerium(III) Chloride 3 i-PrOH (12): CeCl, . 7 H 2 0 (11) (11.18 g, 30 mmol) was suspended in thionyl chloride (150 ml) and the suspension heated under reflux for 18 h. Subsequently, the thionyl chloride was removed by distillation, and the resulting white powder was dried in vacuo (12OoC, 0.005 Torr) for 24 h. Upon addition of 2-propanol(l30 ml), the still hot cerium(II1) chloride completely dissolved to form a clear solution. Upon cooling to room temp.
CeC13 . 3 i-PrOH (12) started to crystallize. After 12 h supernatent solvent was removed via syringe and the remaining wet crystals were dried in vacuo (20°C, 0.1 Torr) to afford 11.19 g (96%) of CeC13 . 3 i-PrOH (12). Cerium(III) Isopropoxide (13): Potassium (1.20 g, 30 mmol) was suspended in benzene (30 ml) and 2-propanol (25 ml) was added within 30 min. The resulting suspension was added to a solution of CeC13 . 3 i-PrOH (12) (4.27 g, 10 mmol) in refluxing 2-propanol (100 ml). Upon this addition a white solid precipitated immediately. The mixture was heated under reflux for two additional hours and then slowly cooled to room temp. within 16 h. The solution was separated from the precipitated potassium chloride by filtration through a G4 sintered glas funnel, and the solvent was removed in vacuo (20°C, 0.005 Torr) to afford 1.60 g (50%) of cerium(II1) isopropoxide (13) as a pale brown solid.
Addition of (Trimethylsily1)propargylmagnesiurn Bromide 9 to the Aldehydes 6. -General Procedure: Magnesium (1.22 g, 50 mmol) and mercury(1) chloride ( 5 mg) were suspended in diethyl ether (20 ml) at room temp. and 1,2-dibromoethane (0.08 ml) was added. The mixture was stirred for 30 min and then cooled to 10°C. Within 1 h (trimethylsily1)propargyl bromide (2.00 g, 10.5 mmol) was added while the temp. was maintained between 10 to 15°C. After one additional hour the Grignard reagent was added to THF (100 ml) and cooled to -78°C. Subsequently, a solution of the aldehyde 6 (4 mmol) in THF (2 ml) was added via a syringe. Within 12 h the reaction mixture was allowed to warm up to room temp. The solvent was evaporated (20"C, 12 Torr), the residue dissolved in diethyl ether (150 ml) and the resulting solution cooled to 0°C. After addition of 1 N HCI (15 ml) the layers were separated, and the aqueous layer was extracted twice with diethyl ether (50 ml each). The combined organic layers were reextracted with a saturated aqueous NaHC03 solution and a saturated aqueous NaCl solution (20 ml each), dried with MgS04, and the solvent was removed in vacuo (20"C, 12 Torr). The crude products rac-10 were purified by flash chromatography on silica gel.
I-Phenyl-2-trimethylsilyl-2,3-butadien-l-o1 (rac-lOa): According to the general procedure magnesium (1.22 g, 50 mmol), (trimethylsily1)propargyl bromide (2.00 g, 10.5 mmol) and benzaldehyde (6a) (0.42 g, 4 mmol) were used to afford 0.75 g (86%) of the 2,3-alkadiene rac-l0a as a colorless liquid after chromatography with diethyl Addition of the ( Trimethylsilyljpropargylcerium Reagent Derived from 9 and 11 to the Aldehydes 6. -General Procedure: Magnesium (1.22 g, 50 mmol) and mercury(1) chloride ( 5 mg) were suspended in diethyl ether (20 ml), and 1,2-dibromoethane (0.08 ml) was added. The mixture was stirred for 30 min and then cooled to 10°C. Within 1 h (trimethylsi1yl)propargyl bromide (2.00 g, 10.5 mmol) was added maintaining the temp. between 10 to 15"C, and stirring was continued for one additional hour to afford the Grignard reagent 9.
CeC1, [obtained from 3.72 g (10 mmol) of CeC1, . 7 H 2 0 (ll)] was suspended in THF (100 ml) with stirring at room temp. and stirring was continued for 1 h. The suspension was cooled to 0°C the solution of the Grignard reagent 9 in diethyl ether was added within 20 min and stirring was continued at 0°C for two additional hours. Subsequently the reaction mixture was cooled to -78°C and a solution of the aldehyde 6 (4 mmol) in THF (2 ml) was added via a syringe. Within 12 h the reaction mixture was allowed to warm up to room temp. The solvent was evaporated (20°C, 12 Torr), the residue dissolved in diethyl ether (150 ml) and the reaction mixture cooled to 0°C. After addition of 1 N HCl (15 ml) the layers were separated, and the aqueous layer was extracted twice with diethyl ether (50 ml each). The combined organic layers were reextracted with a saturated aqueous NaHC03 solution and a saturated aqueous NaCl solution (20 ml each), dried with MgS04, and the solvent was removed in vacuo (20°C, 12 Torr). The crude products rac-8 were purified by flash chromatographed on silica gel. g, 10 mmol) and benzaldehyde (6a) (0.42 g, 4 mmol) were used to afford 0.74 g (85%) of the alkyne rac-8a as a colorless solid after chromatography with diethyl ether/petroleum ether (1 :3) on silica gel (60 8 Addition of the (Trimethy1silyl)propargylcerium Reagent Derived from 9 and 12 to Benzaldehyde (6a): CeC1, . 3 i-PrOH (12) (2.56 g, 6 mmol) was dissolved in THF (100 ml) and n-butylmagnesium bromide (29.5 ml of a 0.623 M solution in diethyl ether, 18.4 mmol) was added at room temp. The mixture was stirred at 60°C for 2 h and then cooled to 0°C. A solution of (trimethylsily1)propargylmagnesium bromide (9) in diethyl ether (10 ml, 6 mmol), prepared according to the general procedure described above, was added at O' C, and stirring was continued for two hours. The reaction mixture was cooled to -78"C, a solution of benzaldehyde (6a) (0.27 g, 2.5 mmol) in THF (1 ml) was added, and the solution was allowed to warm up to room temp. within 10 h. The solvent was evaporated (20"C, 12 Torr), the residue dissolved in diethyl ether (1 50 ml) and the obtained solution cooled to 0°C. After addition of 1 N HCl(l5 ml) the layers were separated, and the aqueous layer was extracted twice with diethyl ether (50 ml each). The combined organic layers were reextracted with a saturated aqueous NaHC0, solution and a saturated aqueous NaCl solution (20 ml each), dried with MgS04, and the solvent was removed in vacuo (20°C, 12 Torr). The crude product was purified by flash chromatography on silica gel (60 g) with diethyl ethedpetroleum ether (1:3) to afford 0.19 g (35%) of the alkyne rac-8a as a colorless solid; Rf = 0.31.
In addition, 0.03 g (6%) of the 2,3-alkadiene rac-l0a was isolated as a colorless liquid; Rf = 0.45. -Spectroscopical data see above.
Addition of the (Trimethylsily1)propargylcerium Reagent Derived from 9 and 13 to Benzaldehyde (6a): Cerium(II1) isopropoxide (13) (1.50 g, 4.7 mmol) was dissolved in THF (100 ml), then a solution of (trimethylsily1)propargylmagnesium bromide (9) (7.9 ml, 4.7 mmol) in diethyl ether, prepared according to the general procedure given above, was added at 0°C and stirring was continued for 2 h. The reaction mixture was cooled to -78"C, then a solution of benzaldehyde (6a) (0.32 g, 3 mmol) in THF (1 ml) was added, and the solution was allowed to warm up to room temp. within 10 h. The solvent was evaporated (20°C, 12 Torr), the residue dissolved in diethyl ether (150 ml) and the obtained solution cooled to 0°C. After addition of 1 N HCI (15 ml) the layers were separated, and the aqueous layer was extracted twice with diethyl ether (50 ml each). The combined organic layers were reextracted with a satu-
